The stable isotope technique of oxygen and hydrogen (δ 18 O and δ 2 H) and deuterium excess (d-excess) was used to investigate distribution characteristics in June 2017 and January 2018 in the Jiulong River, southeast China. The results revealed that (1) seasonal isotopic composition was mainly controlled by precipitation. It enriched lighter water isotopes in winter more than in summer because of the aggravating effect of low temperature and great rainfall. (2) Spatial distribution of the North, West, and South River showed increasing enrichment of heavy isotopes in that order. In the high-flow season, the continuous high-flow made δ 18 O and δ 2 H homogeneous, despite increasing weak evaporation along water-flow paths in the West and South River. In the low-flow season, there was a decreasing trend in the middle and lower reaches of the North and West main stream and an increasing trend in the South River. (3) O and H isotopic geochemistry exhibited natural and anthropogenic influence in hydrological process, such as heavy rainfall and cascade reservoirs. The results showed that O and H isotopes are indeed useful tracers of the water cycle.
Introduction
The stable O and H isotope technique has been demonstrated for application to hydrological models from local and regional to meso and global scales [1] [2] [3] [4] . Long-term and large-scale isotope data indicated that the spatiotemporal pattern of precipitation was directly reflected in the water of most rivers [5] . The stable isotope composition in river water may be closely associated with precipitation events in some regions, which means that local climatic signals (e.g., humidity, temperature, and precipitation amount) can be recorded in the hydro-archive, such as river water, groundwater, or lacustrine sediment samples [6] [7] [8] [9] [10] [11] [12] .
On a local scale, the change of hydrological processes may influence biogeochemical cycles for the ecosystem, especially in the process of precipitation recharging river water [13] [14] [15] [16] [17] [18] . Determining how hydrological processes vary spatially and temporally can enhance our understanding and management of land use and climate change that impacts on rivers [19] . To solve water resources and relative environmental issues, many scientists have researched water cycle evolution using the stable water isotopes in river basins [6, 7] .
Surface water isoscapes had been developed and analyzed at large scale more frequently [20] . It was found that the average isotopic composition of river water reflected the average rainwater amount on a regional as well as global scale [2, [21] [22] [23] . In large and medium scale catchments, the river water isotopes were also associated with water-rock interaction [24, 25] . The catchment-constrained and global model demonstrated the isotopic correlation between average rainfall and river discharge and had predicted that the isotope composition of river water is controlled by the isotope composition of precipitation [2, 26] . H and O isotopes of river water across the USA reflected the regional meteoric patterns. Meanwhile, they were not significantly altered by evaporation, homogenization, or mixing with groundwater [6] . In a small basin with a complex climate system, such as the Olt River basin, water in tributaries enriched with 18 O and 2 H and showing bigger seasonal variation was considered as a consequence of lower flow and precipitation recharge source, however, the main stream water was depleted of 18 O and 2 H and had smaller variation, which can be explained by dams and discharge of groundwater which had almost constant isotopic composition [7, 27] . Together, variation in the stable isotope composition and deuterium excess of river water may be able to identify source water dynamics associated with the synoptic weather systems, geographical variation of precipitation, and other factors [19, 28] . It was demonstrated that the oxygen and hydrogen isotope composition of precipitation events and deuterium excess responded sensitively to complex moisture sources in some regions which have two or more types of synoptic weather systems [9, 28, 29] . In short, the pattern of stable isotope composition of precipitation was linked to the local climate. On the other hand, the isotopic composition of river water was likely more representative of the water used by plants and organisms within the watershed [22] , which was closely associated with the hydrological and biogeochemical cycle of the ecosystem. Therefore, more research of spatial and seasonal variation in O and H isotopes in river water are significantly important.
However, the study of the isotopic composition of surface river water at a medium-sized coastal watershed was relatively low, especially at a low-latitude-oceanic-monsoon coastal watershed. The Jiulong River is the second largest river in Fujian province, southeast China, and it plays an important role in regulating, storing, and supplying water for the local socio-economy. In this study, we conducted research on the Jiulong River and present the results of isotopic investigations in June 2017 and January 2018. This paper reports the spatial distribution and seasonal variation of O and H isotopes in the Jiulong River, including three tributaries and the estuary, in order to investigate how multiple factors affect the isotopic variation of river water. The findings are likely to provide a better understanding of processes controlling the stable isotopes of river water in coastal watersheds of southeast China.
Materials and Methods

Background of the Study Area
Jiulong River is located in Fujian Province, southeast China (24 • 18 ~25 • 88 N, 116 • 78 ~118 • 03 E), which has a 14,087 km 2 drainage basin ( Figure 1 ). The study area is dominated by subtropical oceanic monsoon conditions. There was about 75% discharge and rainfall annually from April to September in the North River (Pu-nan station) and the West River (Zhengdian station) [30, 31] . The Jiulong River catchment has an important impact on socio-economic development and the natural environment of southwestern Fujian Province, partly because of many cascade reservoirs and hydropower stations along the North and West River (Figure 1 ). 
Water Collection and Analytical Methods
Forty-two surface river water sampling sites were set along Jiulong River, its main tributa and estuary in June 2017 and January 2018, the high-flow season and low-flow season, respecti ( Figure 1 ). From headstream to estuary, twenty-three sample sites are located in the North River in the West River, four in the South River, and five in the estuary, each as inferred from hydrolo condition, lithology, and land use. Water samples were filtered using a cellulose acetate memb (0.22 μm) in situ, and stored in 2 mL pre-cleaning glass bottles. The bottle must be full with sam water and sealed. Electrical conductivity (EC) and temperature measurements of bulk river w were taken using a YSI multi-parameter meter. The geographical coordinates and altitude sampling sites were determined by GPS.
The water samples were analyzed for δ 18 O and δ 2 H with Triple-Liquid Water Analyzers (TI 45-EP) ( LGR, San Jose, CA, USA) by laser spectroscopy techniques at the Institute of Geogra Sciences and Natural Resources Research, Chinese Academy of Sciences, China. All the isotope were reported in per mill (‰) relative to Vienna Standard Mean Ocean Water (V-SMOW), and measurement precision was ±0.1‰ (1σ) for δ 18 O and ±0.5‰ (1σ) for δ 2 H. The relative deviation o isotopic ratio of the sample and standard was calculated as: 
Indication of Other Data
We analyzed the spatial and temporal distribution of deuterium excess, which is defined excess = δ 2 H − 8δ 18 O [32] . In addition, we collected stable hydrogen and oxygen isotope da precipitation in the Fuzhou station, which is close to our study area, from The Global Netwo 
Water Collection and Analytical Methods
Forty-two surface river water sampling sites were set along Jiulong River, its main tributaries, and estuary in June 2017 and January 2018, the high-flow season and low-flow season, respectively ( Figure 1 ). From headstream to estuary, twenty-three sample sites are located in the North River, ten in the West River, four in the South River, and five in the estuary, each as inferred from hydrological condition, lithology, and land use. Water samples were filtered using a cellulose acetate membrane (0.22 µm) in situ, and stored in 2 mL pre-cleaning glass bottles. The bottle must be full with sample water and sealed. Electrical conductivity (EC) and temperature measurements of bulk river water were taken using a YSI multi-parameter meter. The geographical coordinates and altitudes of sampling sites were determined by GPS.
The water samples were analyzed for δ 18 
Indication of Other Data
We analyzed the spatial and temporal distribution of deuterium excess, which is defined as d-excess = δ 2 H − 8δ 18 O [32] . In addition, we collected stable hydrogen and oxygen isotope data of precipitation in the Fuzhou station, which is close to our study area, from The Global Network of Isotope in Precipitation (GNIP) [33] [33] and LMWL2 [36] ) was presented in Figure 2 . LMWL1 was obtained from the Global Network of Isotope in Precipitation [33] and we selected the database of the closest station Fuzhou to form the LMWL1, which, with a slope of 8.19 and an intercept of 11.73, was not statistically different from the GMWL. LMWL2 of Zhangzhou was δ 2 H = 8.02δ 18 O + 9.11 which was quoted from the reference [36] . Most of the Jiulong River water laid to the left of or on the GMWL (Figure 2) . In June 2017, river water fell on the left of GMWL and LMWL. Differently, the plots of river water in January 2018 fell on two sides of GMWL and LMWL. The δ 18 O value of −7‰ divided the water samples in January 2018 into two parts, of which the heavier part had obviously higher EC values (Figure 3) . The river water sampled in November 1985 and August 1986 plotted below and to the right of the GMWL and were near the Jiulong River line in this study, whereas the spring water sampled in August 1986 were near the GMWL and plotted behind and far from the GMWL for which sampled in November 1985 [36] .
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Discussion
Deuterium Excess (d-Excess)
The oxygen and hydrogen isotope composition and d-excess values suggested that the Jiulong River water was mainly derived from rainfall and lacked significant evaporation. However, several water samples in the South River and estuary in winter fell to the right of the GMWL and LMWL (yellow and blue circles in the purple ellipse in Figure 2 ) and had low d-excess values and high EC 
Discussion
Deuterium Excess (d-Excess)
The oxygen and hydrogen isotope composition and d-excess values suggested that the Jiulong River water was mainly derived from rainfall and lacked significant evaporation. However, several water samples in the South River and estuary in winter fell to the right of the GMWL and LMWL (yellow and blue circles in the purple ellipse in Figure 2 ) and had low d-excess values and high EC values ( Figure 5 ), and we interpreted this as the consequence of evaporation and mixing with seawater ( Figure 3) .
The d-excess of rainwater cannot be influenced by precipitation amount, trajectory of air mass, nor latitude during precipitation [37] . However, evaporative vapor from the water's surface and the effect of secondary evaporation can make the d-excess of precipitation change as well as the surface water [3, 38, 39] . At the global scale, average d-excess of precipitation is 10‰, in fact, which can vary. According to the reference [40] , the rate of evaporative vapor was 2.2% on average and the effect of secondary evaporation was not obvious in the summer in our study area. We assumed they were less and weaker in winter since there was lower mean temperature in winter and a significantly larger amount rainfall in January 2018 than in January 2000-2017 (Table A1) . Therefore, it is suggested that the d-excess value of meteoric water should be close to 10‰ in the Jiulong River catchment and is effectively 11.73‰ and 9.11‰ for the intercept of LMWL1 and LMWL2, respectively (Figure 2) .
The d-excess was validly demonstrated in tracing the water cycle at a catchment scale [11, 37, 41] . In this study, the d-excess values of all the river water samples mostly ranged from 6‰ to 15‰ ( Figure 5) . In June 2017, most d-excess data generally decreased downstream and ranged from 8.8‰ to 13.2‰, which is close to the annual mean d-excess values of rainwater in Xiamen, i.e., 10.95 ± 1.77‰ [42] . The main reason was decreasing mean temperature with the distance-from-coast in the Jiulong River catchment, which can weaken the evaporation and make 16 O and 1 H enriched in river water with decreased d-excess value [39] . In January 2018, all of the d-excess values were more fluctuant and seemingly irregular, and six samples in the South River and estuary had very low d-excess values, likely because of mixing with seawater ( Figure 5 ). In general, the d-excess values in the low-flow season did not reflect the continuous evaporation effect in the runoff direction, and the fluctuations may reflect the mixing effect of discharging river water with different sources. The d-excess values of fresh water didn't show significant seasonal differences in this study area, which was different from previous studies [8, 43] showing that d-excess values were higher in summer. We considered this a consequence of the same water vapor source in summer and winter [44, 45] and the large rainfall amount in January 2018. 
Temporal and Spatial Variability of River Water Isotope Composition
In Figures 3 and 6 , the δ 18 O and δ 2 H values in the low-flow season were lower than that in the high-flow season in the North and West River, which were opposite to the South River, the Mulanxi River, and the Minjiang River [46, 47] . This was probably because the Mulanxi river water was mainly recharged by groundwater and the Minjiang river water experienced more evaporation in the dry season, however, the factors impacting the isotope composition were different in the North and West River due to the large rainfall amount and low evaporation according to our explanation in Section 4.1. On the other hand, typhoon "Saola" and "Haikui" in August 2012 and "Matmo" in July 2014 caused rainfall enriching of lighter isotopes, and warm, moist air masses during the summer monsoon had already been depleted of heavy isotopes due to progressive fractionation by travelling a long distance over the sea, which may have caused a large amount of rainfall to enrich the Minjiang River and the Mulanxi River with light isotopes [42, 47, 48] . During the sampling period, there was no typhoon directly influencing the Jiulong River catchment. [36, 42, 44] . The d-excess values of spring were quoted from references [36] . The d-excess value of seawater was quoted from reference [36] .
In Figure 5 , according to the d-excess values of the two end-members (rainwater and spring), the range of deuterium excess implied that in both summer and in winter, the source of river water can include rainwater and groundwater and possibly anthropogenic input. In other words, it was difficult to distinguish their contributions, although the groundwater was supplied by rainwater. In conclusion, the spatial characteristics of the d-excess values in the Jiulong River were influenced by weak evaporative isotopic effects in June 2017, however, in January 2018, this evaporation effect was not clear or covered by different water sources.
In Figures 3 and 6 , the δ 18 O and δ 2 H values in the low-flow season were lower than that in the high-flow season in the North and West River, which were opposite to the South River, the Mulanxi River, and the Minjiang River [46, 47] . This was probably because the Mulanxi river water was mainly recharged by groundwater and the Minjiang river water experienced more evaporation in the dry season, however, the factors impacting the isotope composition were different in the North and West River due to the large rainfall amount and low evaporation according to our explanation in Section 4.1. On the other hand, typhoon "Saola" and "Haikui" in August 2012 and "Matmo" in July 2014 caused rainfall enriching of lighter isotopes, and warm, moist air masses during the summer monsoon had already been depleted of heavy isotopes due to progressive fractionation by travelling a long distance over the sea, which may have caused a large amount of rainfall to enrich the Minjiang River and the Mulanxi River with light isotopes [42, 47, 48] . During the sampling period, there was no typhoon directly influencing the Jiulong River catchment.
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In the upper reaches of the North River (i.e., before Zhangping city), the water isotope composition was about 0.5‰ and 10‰ higher in summer than in winter for δ 18 O and δ 2 H, respectively. The water isotopes became gradually lighter in the middle and lower reaches of the North River in winter, however, it was generally relatively stable in summer. For the West River, the trend was similar to the North River along the middle and lower reaches, and almost the same between the two seasonal samples in the upper reaches. For the South River, O and H isotopes were heavier in winter than in summer, and δ 18 O and δ 2 H values were increasing away from the water source in both seasons. To determine the factors that impact the spatial and seasonal variation in the Jiulong basin, firstly, we should understand what caused the differences among the three rivers. According to the "amount effect", the average δ 18 O and δ 2 H values in the three tributaries were related to regional rainfall amount. We selected the monthly rainfall in Longyan, Zhangzhou, and Xiamen [31] to represent that in the North, West, and South River. The relationship between δ 18 O and rainfall amount in June 2017 (Equation (3) and January 2018 (Equation (4) 
where A is the monthly rainfall amount (mm month −1 ). In addition, the monthly rainfall amount was increasing in Longyan, Zhangzhou, and Xiamen both in summer and winter. Therefore, the δ 18 O Figure 6 . Fresh water oxygen isotope composition of the Jiulong River, the Mulanxi River [47] , and the Minjing River [46] in southeast China.
where A is the monthly rainfall amount (mm month −1 ). In addition, the monthly rainfall amount was increasing in Longyan, Zhangzhou, and Xiamen both in summer and winter. Therefore, the δ 18 O values were decreased due to the increasing rainfall in the region, which was in accordance with the "amount effect". Seasonal variation in the H and O isotopic composition of river water was closely coupled to precipitation and relatively more stable [22] . Therefore, there was a strong isotopic correlation between average rainfall and river discharge in most regions. In other words, we can predict the isotope composition of rainwater and river water from each other. According to the literature [44, 45] , the "seasonal effect" that influenced the H and O isotopes of rainfall in Xiamen (i.e., the lower reach area) was very weak, such that it was covered by the "amount effect", which meant that the δ 18 O and δ 2 H were lighter in summer because of the larger rainfall amount than in winter. Due to the river water responding quickly to precipitation in the small basin [49] , in the South River (relatively close to Xiamen and coast), the water isotope composition was lighter in summer than in winter. Except for the "amount effect", the precipitation isotopic variation was controlled by the temperature, latitude, altitude effects, and source of vapor [8, 32] . From the coast to inland areas, the "amount effect" was generally weakened and the "seasonal effect" was relatively enhanced. In addition, in January 2018, the larger amount rainfall than previous years caused strong "amount effect". Hence, the North River water was enriched with 16 O and 1 H in winter. Furthermore, the "altitude effect" was shown in Site 1 where water samples had light water isotopes.
Impacts of Cascade Reservoirs on the Water Cycle
In the North River, there are two large reservoirs (storage capacity >0.1 km 3 ) and one medium reservoir (storage capacity: 0.01 km 3 -0.1 km 3 ) in the upper reach and six medium reservoirs in the mid-lower reaches, however, there is only one large reservoir and four small reservoirs (storage capacity <0.01 km 3 ) in the upper West River (Figure 1 ). According to Deng [37] , the large-scale construction of impounding river had increased the residence time and enhanced the mixing of reservoir water derived from upstream. Consequently, it eventually resulted in the homogenization of reservoir water. Hence, in the reach of Sites 2-9, δ 18 O and δ 2 H values of river water were homogeneous both in summer and winter (Figures 3 and 7) . Medium and small reservoirs should sustain releasing surplus water when the flow was too high and the reservoir water was close to storage capacity. Hence, a large amount rainfall and opening flood discharge during the summer caused continuous high flow in the North and West River which had homogeneous water isotopes. However, the reservoirs tended to store more water [50] , especially in winter or low-flow season, causing decreased discharge downstream in the mid-lower reaches. In Figure 5 , the d-excess in the mid-lower reaches of the North River suggested that the water isotopes were mainly controlled by rainfall in winter, although it was possibly affected by other factors, such as injection of groundwater and anthropogenic processes. Therefore, the river water that was divided into many sections by medium reservoirs had stored the information of mixing with rainwater, which was shown in the H isotope composition (Figure 7) . Instead, the water isotopes in the mid-lower reaches were generally lighter downstream because of the increasing mixing proportion with rain water. However, in the low-flow season, it was more complex in the West River, which was explicable by the different water source, water storage, and evaporation [46] . and anthropogenic processes. Therefore, the river water that was divided into many sections by medium reservoirs had stored the information of mixing with rainwater, which was shown in the H isotope composition (Figure 7) . Instead, the water isotopes in the mid-lower reaches were generally lighter downstream because of the increasing mixing proportion with rain water. However, in the low-flow season, it was more complex in the West River, which was explicable by the different water source, water storage, and evaporation [46] . 
Conclusions
In the Jiulong basin, the river water's isotopic composition for high-flow and low-flow seasons showed different hydrological processes. The majority of river water samples had d-excess values indicating their main control by precipitation. The spatial characteristics of δ 18 O and δ 2 H were similar and originated from rainfall, despite also being influenced by geographic, temperature, and human activities, such as dams/reservoirs. The seasonal difference in river water isotopes, being heavier in summer and lighter in winter, suggested that the dominant precipitation isotope effect was rainfall amount and temperature in the study area. In addition, cascade reservoirs caused significant impacts on the Jiulong River. Thus, we demonstrated a complex hydrological process in the Jiulong River.
This study shows the spatial and seasonal characteristics of stable O and H isotopes in the Jiulong River, and we discussed the controlling factors for the variation. However, further research needs to be performed in the future, especially considering multiple water sources and modeling of river hydrological processes by O and H isotopes. The aim of this research is to demonstrate that measuring stable water isotopes is a good tracer of river water cycles driven by both natural environmental variability and anthropogenic activities. 
